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(57) ABSTRACT 
The exhaust gas to be monitored is passed through a 
plurality of adjacently positioned serially connected ab 
sorption cells of varied length. A chopper wheel carry 
ing a plurality of spectral filters sequentially passes ra 
diation from a source at discrete wave-lengths each cell 
in sequence. The amount of radiation absorbed by the 
gas is detected to determine the concentrations of cer 
tain components in the gas. 

2 Claims, 3 Drawing Figures 
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1. 

MULTICHANNEL EXHAUST GAS ANALYZER 
This invention relates to apparatus for determining 

the concentration of particular components of a multi 
component mixture of gases and more particularly to 
apparatus for analyzing the exhaust of motor vehicles, 
for determining the time variant concentration of com 
ponents in the exhaust by measuring the absorption of 
the exhaust at selected optical wave-lengths. 
A variety of gas analyzers have been proposed in the 

past for determining the concentration of various com 
ponents in a gas mixture. However, because of their 
size and cost such prior art devices have primarily been 
restricted in use to large testing facilities. 

It is an object of the present invention to provide a 
compact light weight and economical gas analyzer par 
ticularly suited for monitoring exhaust gases of a motor 
vehicle. 
As will be set forth in more detail hereinafter, the 

proposed system monitors the time variant concentra 
tion of a multicomponent mixture of gases by measur 
ing the absorption at selected optical wave-lengths. 
Wave-length selection is achieved by an array of inter 
ference filters rotated on a chopper wheel. The system 
employs a single source and single detector, capable of 
operation over the spectral range of the several chemi 
cal components to be monitored. The system employs 
several absorption cells of varied lengths to accomo 
date large variations and concentrations or absorption 
strengths of the various components in the gas mixture. 
The spectral filters are sequentially inserted in the opti 
cal paths between the source and the detector through 
each of the different absorption cells. Thus, the source 
and detector are time shared by the various channels. 
A more complete understanding of the present inven 

tion may be had from the following detailed description 
which should be read in conjunction with the drawings 
in which: 
FIG. 1 shows the various components of the multi 

channeled gas analyzer by the present invention; 
FIG. 2 shows a representative waveform obtained 

from the analyzer of the present invention; 
FIG. 3 shows in block diagram form, signal process 

ing electronics for use with the analyzer of the present 
invention. 
Referring now to the drawings and initially to FIG. 1 

the components of the analyzer of the present inven 
tion are shown and includes a source 10 and a detector 
12 capable of operation over the spectral range of the 
several chemical components to be monitored. The 
source 10 may be a Nernst glower, a Glowbar, or any 
of a number of electrically heated thermal sources. The 
detector 12 may be one of a variety of sensitive and 
rapid responsive quantum detectors such as Indium, 
Antinomide, Lead Selenide, and Mercury-Cadmium 
Telluride detectors. The radiation path between the 
source 10 and the detector 12 is formed by a pair of 
parabolic mirrors 14 and 16 mounted in holders 18 and 
20 respectively. Infrared transmitting lenses and flat 
mirrors could similarly be used to establish the radia 
tion path between the source 10 and the detector 12. 
The source 10 and detector 12 are located at the foci 
of the parabolic mirrors 14 and 16. 
The analyzer employs a plurality of absorption test 

cells 1, 2 and 3 located in the radiation path between 
the source 10 and the detector 12. The cells 1, 2 and 
3 are of various lengths to accomodate large variations 
in concentration of, or absorption strength of the vari 
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2 
ous components in the gas mixture. As shown in FIG. 
1, the cell length increases from cell 1 to cell 2 to cell 
3. A reference cell R containing a reference gas is lo 
cated adjacent cell 1 and a span cell S containing a cali 
bration span gas is located adjacent cell 3. All of these 
cells R, 1,2,3 and Shave polished interiors to optimize 
transmission and sapphire windows to accomodate 
transmission at 5.3 microns for the determination of 
NO. The shorter cells, namely 1 and 2, have an exten 
sion beneath the lower window to match as much as 
possible the optical path encountered in passing 
through the longer cells. The test gas is passed through 
the test cells 1, 2 and 3 which are connected serially by 
a tubular conductor 22. 
A chopper wheel 24 is rotatably driven by a motor 26 

and is interposed between the source 10 and the detec 
tor 12. The chopper wheel 24 carries a plurality of 
spectral filters 28, 30, 32 and 34 which are sequentially 
positioned in the radiation path during rotation of the 
chopper wheel 24. Also, each of the filters 28 through 
34 are sequentially positioned over the cells R, 1, 2, 3 
and S. The source 10 and detector 12 are thus time 
shared by the various spectral channels. In the pro 
posed application for the gas analyzer of the present in 
vention the filters 28 through 30 are respectively 4.6 
microns, 5.3 microns, 2.7 microns, and 3.4 microns, 
and are for monitoring for CO, NO, CO, and HC (un 
burned or partially oxidized hydrocarbons), as they 
exist in the exhaust of automotive vehicles. The system 
could be expanded to monitor NH for example, or any 
other exhaust gas constituent having a spectral absorp 
tion in the operable range of the source-detector sys 
tem. 
The position of the chopper wheel 24 is monitored by 

means of an index source 36 and an index detector 38. 
A slot 40 in the wheel 24 passes light from the source 
36 to the detector 38 each revolution of the wheel 24. 
A waveform representation of the radiative pulses in 

cident on the detector during one revolution of the 
wheel for a configuration such as shown in FIG. 1 is il 
lustrated in FIG. 2. The labels R, 1, 2, 3 and S refer to 
the reference cell, test cells 1 through 3 in order of in 
creasing length, and the span cell. Increasing or de 
creasing the number of cells or spectral channels would 
produce corresponding variations in the pulse train. 
The spectral distribution of the source output and spec 
tral responses of the detector would tend to produce 
widely ranging reference pulse heights in the difference 
channels. The equalization of the reference pulse am 
plitudes can be achieved with neutral density filters in 
each channel to produce a pulse train of more nearly 
equal amplitude and tend to keep the system operative 
within the linear response range of the detector. As 
shown in FIG. 2, for each spectral channel a detector 
output is obtained which includes the unattenuated 
transmission through the reference cell followed by in 
creasing attentuation in the exhaust passing through 
the test cells of increasing length and finally the span 
gas signal. 
The output of the detector 12 and 38 may be suitably 

processed by signal processing means such as shown in 
FIG. 3. The output of the detector 12 is fed through an 
amplifier 52, a pulse integrator 54, a counter 56, a reg 
ister 58 to a computer 60 while the wheel position out 
put of the detector 38 is fed to an amplifier 62 to a trig 
ger circuit 64 which provides an indexing signal to the 
counter 56, register 58 and computer 60. The signal 



3,743,426 
3 

processing electronics of FIG. 3 measures transmission 
by integrating the power in each pulse. An alternative 
approach could be the detection of pulse amplitudes. 
The computer 60 provides the time sharing logic and 
selects the reference and span signals and chooses the 
transmission signal through the test gas which lies in a 
range that yields an optimum measure of that constitu 
ent. Thus, for CO, at 12 percent to 15 percent in the 
exhaust gas, the transmission through one of the 
shorter cells would provide a good measure for that 
constituent, on the other hand the absorption by a low 
concentration of HC or NO would be very slight to the 
short cell and the computer is programmed to take this 
measurement from the longer cells. Once each rotation 
of the chopper wheel 24 data is taken of the source and 
detector performance for each spectral channel 
through the reference cell R and a check is made of sys 
tem performance through the span cell S containing the 
calibration span gas. Since the various cells may have 
identical positions in the optical system relative to the 
source and detector each test cell must be periodically 
calibrated by the passage of a zero gas and a span gas 
between tests. Once a relation is made between the re 
sponse to the span gas in each test cell and the span cell 
response it is possible to use the internal span gas stan 
dard as an interim standard and reduce the frequency 
of use of the external standard. 

I claim: 
1. A multichannel exhaust gas analyzer for monitor 

ing the time variant concentrations of a multicompo 
nent mixture of gases by measuring the absorption by 
the mixture at selected optical wavelengths comprising, 
a radiation source, a detector, means establishing a ra 
diation path between said source and said detector, a 
plurality of absorption cells of different lengths located 
in said radiation path, means for communicating said 
mixture serially through said plurality of absorption 
cells, a reference cell containing a reference gas lo 
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4 
cated adjacent the first of said absorption cells, a span 
cell containing a calibration gas located adjacent the 
last of said absorption cells, a rotatable chopper wheel 
interposed between said source and said detector and 
containing a plurality of spectral filters arranged to be 
sequentially positioned in said radiation path during ro 
tation of said chopper wheel, each of said filters se 
quentially passing radiation of a particular optical 
wavelength through each of said cells, and means for 
rotating said chopper wheel. 

2. A multichanneled exhaust gas analyzer for moni 
toring the time variant concentrations of a multicom 
ponent mixture of gases by measuring the absorption 
by the mixture at selected optical wavelengths compris 
ing, an electrically heated radiation source, a quantum 
detector, a pair of parabolic mirrors for collimating ra 
diation from said source to said detector, a plurality of 
absorption cells of different lengths located in said radi 
ation path, means for communicating said mixture seri 
ally through said plurality of cells, a reference cell con 
taining a reference gas located adjacent the first of said 
absorption cells, a span cell containing a calibration 
span gas located adjacent the last of said plurality of ab 
sorption cells, a rotatable chopper wheel interposed be 
tween said source in said detector and containing a plu 
rality of spectral filters arranged to be sequentially po 
sitioned in said radiation path during rotation of said 
chopper wheel, each of said filters sequentially passing 
radiation of a particular wavelength through each of 
said cells, an indexing light source, an indexing detec 
tor, an index slot formed in said wheel for communicat 
ing the light from said indexing light source through 
said indexing detector, means for rotating said chopper 
wheel, and electronic signal processing means respon 
sive to the output of said quantum detector and said in 
dexing detector for determining said concentrations. 
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